Increased oxidized-LDL levels and arylesterase activity/HDL ratio in ESRD patients treated with hemodialysis Abstract Purpose: Investigations, in which oxidized-low density lipoprotein (ox-LDL), serum paraoxonase (PON1) and homocysteine (Hcy) are considered together as important agents involved in the development of oxidative and atherogenic events in non-diabetic hemodialysis (HD) population, are limited. is case-control study was designed to evaluate these parameters in the patients and control subjects and to determine the correlations among the factors.
Atherosclerotic events are the leading causes of mortality in patients with end-stage renal disease (ESRD) [1, 2] and these events are responsible for nearly 55% of mortalities among the patients [3] . Further understanding of the basis of these events could be useful in decreasing both the mortality and the frequent complications in ESRD patients and improve their survival [1] . Atherogenic lipid and lipoprotein abnormalities, such as decreased high-density lipoprotein (HDL) levels, are frequent in patients with chronic renal failure [2] . It has been established that low plasma HDL concentration is one of the strongest risk factors for cardiovascular disease [4, 5] . Decreased HDL levels have been identi ed as a marker for the presence of small and dense low-density lipoprotein (LDL) particles in the circulatory system. ese particles increase the risk of atherosclerosis because of their susceptibility to oxidation and lower clearance [7] . Oxidized-LDL (ox-LDL), as an indicator of in vivo peroxidation of LDL. is believed to be a key molecule in the process of atherosclerosis [5, 8] . Ox-LDL plays a critical role in several proatherogenic activities such as immunogenic and cytotoxic events and accumulation of cholesterol in macrophages [9] . HDL-associated enzymes, especially serum paraoxonase (PON1), are essential for the protective effect of it on LDL and impeding LDL oxidation [6, 10] . PON1 is a calcium-dependent esterase/lactonase that resides on HDL and accounts, in part, for an important part of the antioxidative activity of HDL [11] [12] [13] [14] . PON1 is a multifunctional enzyme that can not only decrease ox-LDL but can also hydrolyze and inactivate homocysteine thiolactone (HTL) [15, 16] . HTL as a reactive and toxic metabolite of homocysteine (Hcy) could bind to proteins and damage protein structure [16] .
ese homocysteinylated proteins could induce autoimmune responses and play a role in pathogenesis of atherosclerosis [16] . Several studies have shown that there are elevated Hcy levels in patients with ESRD [17] ; however, there is no the proven evidence for increased Hcy in renal disease. Perhaps, performing of the direct experiments on homocysteinemetabolizing enzymes could be helpful in revealing the cause of hyperhomocysteinemia in renal disease [17] .
ere is a 10-to 20-fold elevated risk of cardiovascular mortality in patients with ESRD [18] . Oxidative stress and atherothrombotic vascular disease are associated with high mortality in patients treated with hemodialysis (HD) [1, 19] . Alterations of ox-LDL, PON1 activity and homocysteine levels are important participating agents in the initiation and progression of oxidative and atherogenic events. Given the importance of the parameters in cardiovascular disease and the role of PON1 in the metabolism of ox-LDL and Hcy, these three factors were chosen for evaluation in non-diabetic ESRD patients treated with HD. In most previous studies on ESRD patients, diabetes, as an important confounding factor, was not excluded. erefore, one of the main objectives of this study was to evaluate the study parameters in non-diabetic ESRD patients. Studies in which all three parameters are considered together are very limited and some ndings on PON1 levels in hemodialysis patients are controversial [2, 20] .
e present study was therefore designed 1) to evaluate ox-LDL, Hcy and PON1 activity levels in patients with ESRD treated with hemodialysis, 2) to compare these levels with those assayed in control subjects and 3) to evaluate which parameter is the best biomarker for the assessment of atherosclerotic disease in the HD population. In addition, the correlations between the study factors were determined.
Materials and Methods

Subjects
A total of 49 age-and gender-matched subjects, including 28 non-diabetic hemodialysis patients (15 males and 13 females) and 21 control subjects (11 males and 10 females), were examined in the case-control study. Informed consent was obtained from each of the subjects. e study protocol was approved by the university's local ethics committee and was performed in accordance with the principles of the Helsinki Declaration. Because diabetes can a ect the study factors,especially PON1 activity, patients with this disease were excluded. Subjects with a history of cardiovascular disease, active infection, neoplasms, hepatitis, AIDS and/or a smoking habit were also excluded. Patients had been on regular HD for at least 3 months and were dialyzed thrice weekly for 4 h per session. HD patients were hemodialyzed on polysulfone membrane dialysators with a bicarbonate dialysis solution. e kt/v (adequacy of dialysis) was 1.2 ± 0.1. Patients were not receiving immunosuppressive medication, lipid-lowering drugs or ACE inhibitors. Vitamin E and C supplements were not administered to patients before the study. Some patients with hypertension were treated with the drug amlodipine. e antihypertensive drug was suspended for at least 24 h before the start of the study. Control subjects were selected from a healthy population with no history of renal disease or diabetes. Blood samples were collected in heparinized tubes and plasma was isolated by low-speed centrifugation. e samples were stored at -70 ºC until evaluation.
clonal antibody, 4E6. e assay was based on the direct sandwich technique, in which two monoclonal antibodies are directed against separate antigenic determinants on the oxidized apolipoprotein B moiety of LDL [21] . Absorbance values were read spectrophotometrically at 450 nm. In this study, the coefcient of variation (CV) and the detection limit were 7.8% (n=3) and <1 mU/L, respectively.
HDL-C, LDL-C and triglyceride levels were determined using commercially available kits (Pars Azmoon Inc., Tehran, Iran).
Arylesterase activity of PON1 was assayed using phenylacetate (Fluka, Heidelberg, Germany) as the substrate [22] . Serum was added to the reaction mixture containing 1 mM phenylacetate and 1 mM CaCl2 in Tris/HCL bu er (0.1 M, pH 8.0). e enzyme activity was measured spectrophotometrically (UV 1800, Shimadzu, Japan) at 270 nm. Enzymatic activity was calculated from the molar absorptivity, 1310 M-1 cm-1. 1 U of arylesterase activity is de ned as 1 μmol phenylacetate hydrolyzed/min/ml. In the present study, intraassay and interassay CV were 3.2% (n=7) and 4.1% (n=7), respectively. e samples were assayed for homocysteine using the EIA method (Axis-Shield Diagnostics Ltd, Dundee, UK). is assay is based on competition between the S-adenosyl-Lhomocysteine (SAH) in the sample and the SAH bound to the plate for binding sites on a monoclonal anti-SAH antibody. Secondary antibody was rabbit anti-mouse antibody conjugated with the enzyme horse radish peroxidase (HRP). e peroxidase activity was assayed spectrophotometrically at 450 nm. e quanti cation limit (CV<20%) was 1.0 μmol/L.
Statistical analysis
Normal distribution of the data was evaluated using Kolmogorov-Smirnov test. Comparison between the patients and the control group was performed by t-test (quantitative variables) and Chi-squared test (qualitative variables). Pearson's correlation coe cient was used to test the association between the study parameters. Odds ratios (ORs) were determined by logistic regression analysis. P values less than 0.05 were considered to be signi cant. SPSS 16.0 so ware (SPSS Inc., Chicago, USA) was used for all calculations.
Results
Twenty-eight hemodialysis patients (15 men and 13 women; mean age: 56.1 ± 8.4 years) and 21 control subjects (11 men and 10 women; mean age: 53.4 ± 7.6 years) were studied. As shown in Table 1 , there were no signi cant di erences between control subjects and hemodialysis patients with respect to age, sex, triglyceride (TG) and LDL-C (p values > 0.05). As expected, HDL-C levels were signi cantly higher in the control group compared with the HD patients (p=0.02).
Compared with the control group, ox-LDL levels were signi cantly increased both before hemodialysis (p=0.001) and a er hemodialysis (p=0.036) (Figure 1) . ere was no signicant di erent between the pre-dialysis and post-dialysis groups regarding ox-LDL concentrations. ox-LDL levels did not change signi cantly during HD but decreased a er dialysis. Our nings showed that arylesterase activity to HDL ratio in HD patients was signi cantly higher than control subjects (1.86 ± 0.41 vs. 1.24 ± 0.34; p=0.003); however, a signi cant di erence in arylesterase activity was not seen between predialysis and post-dialysis groups. HD did result in a small increase of arylesterase activity ( Figure 2) .
As shown in Figure 3 , homocysteine levels in the ESRD patients were higher than control subjects, both pre-and postdialysis, but these di erences were not statistically signi cant. HD was associated with a small, but non-signi cant reduction in Hcy concentrations.
ere was a signi cant positive correlation (r= 0.25, p= 0.026) between ox-LDL levels and homocysteine concentrations in samples obtained before HD. Although there appeared to be weak negative correlations between arylesterase activity with ox-LDL and homocysteine levels, these correlations were not statistically signi cant.
To assess if the association among ox-LDL, Hcy and arylesterase activity/HDL ratio and ESRD was independent of other parameters, multivariate logistic regression was performed (Table 2). A er controlling for other factors, ox-LDL (OR= 3.02, p<0.001) and arylesterase activity/HDL ratio (OR=2.43, p=0.01) indicated the strongest association with ESRD. ere was a signi cant association between homocysteine, HDL-C and triglyceride levels with ESRD risk (at a lower degree of signi cance). Age, sex, LDL-C and arylesterase activity were not signi cantly associated with ESRD.
Discussion
Decreased HDL concentrations in HD patients represent the cause of reduction of antioxidant properties of this important lipoprotein [23, 24] . One result of the reduction is that ox-LDL production can be accelerated. Elevated oxidation of LDL is introduced as an important early stage in the develop- ment of atherosclerotic disease [25] . Accumulation of ox-LDL in macrophages and promotion of in ammatory response, proliferation of smooth muscle cells, and di erentiation of monocytes in the arterial wall by ox-LDL suggests a critical role for ox-LDL in atherosclerosis [26] . Meier et al. [27] indicated that elevated levels of ox-LDL increased the risk of atherosclerosis, even a er adjusting for traditional risk factors. It has also been reported that the immunological response arising from LDL oxidation leads to the production of anti-ox-LDL autoantibodies and contributes to the development of atherosclerosis [28] .
Concentrations of ox-LDL antibodies are signi cantly higher in patients who died from cardiovascular disease [28] . A study by Morena et al. reports that LDL isolated from HD patients show an elevated susceptibility to oxidation in vitro [29] . ese data show the importance of ox-LDL levels in HD patients.
Since plasma ox-LDL concentrations may be an appropriate indicator of the actual balance between production and removal of ox-LDL in vivo [30] , in this study, plasma ox-LDL levels were determined in the study subjects. Our ndings showed that ox-LDL concentrations in pre-and post-dialysis were signi cantly higher than that found in control subjects. Meier et al. [27] and Castilla et al. [31] reported that ox-LDL levels in HD patients are signi cantly higher than in control subjects, in accordance with our study. According to Meier et al. [27] , there is a signi cant increased ox-LDL concentration in HD patients, even though these patients were receiving a hydroxymethylglutaryl coenzyme A (HMG-COA) reductase inhibitor or vitamin B and C supplements. e studies did not evaluate ox-LDL levels a er HD. In our study, HD resulted in small decrease of ox-LDL levels. Bolton et al. [32] also showed that ox-LDL autoantibodies were increased in pre-dialysis group, but were decreased in dialyzed patients. In contrast, Kosch et al. [9] reported that ox-LDL concentrations are stable during dialysis therapy and attributed this stability to the rapid clearance of newly produced ox-LDL during HD [9] .
As expected, in this study, HD patients had increased homocysteine levels. Although this increase was relatively mild, our study con rmed hyperhomocysteinemia in HD patients, in agreement with other authors [1, 33, 34] . Clinical and experimental evidence con rms that hyperhomocysteinemia is an independent risk factor for atherosclerosis [1] . It has been reported that Hcy levels higher than 12.1 μmol/L can double the risk of atherosclerosis and cerebral or peripheral vascular diseases [35] . Bednarek-Skublewska and colleagues [36] indicated that elevated Hcy levels can predict vascular access consequents in patients on HD. Induction of oxidative stress and the promotion of in ammation and thrombosis are mechanisms by which the increased Hcy may be involved in advanced atherosclerosis [35] . Our results indicated that dialysis can remove Hcy, similar to the results reported in a review article by Urquhart et al. [17] .
Various studies in the literature have showed that decreased PON1 activity is associated with higher risk of atherosclerosis; i.e., PON1 is an antiatherogenic enzyme [38] [39] [40] . In the current study, our results did not con rm alterations of the arylesterase activity of PON1 in pre-and post-dialysis patients as compared to control subjects; however, arylesterase activity/ HDL ratios in control subjects were found to be signi cantly lower than patients following HD. Since PON1 is located on HDL, the assay of PON1 activity to HDL ratio may be more important than measuring the enzyme alone in the evaluation of the relationship between PON1 activity and ESRD.
In general, there are the con icting data in the ESRD concerning PON1 activity. Although, most of studies show the decreased PON1 activity in the ESRD population [2, 23, 24] , some studies suggest no di erence in enzyme activity between patients and control subjects [20] . In a study by Gugliucci et al. [41] , the free fraction of PON1 was the same for HD patients and control subjects. ese con icting results may be explained by the e ects of several factors, such as diabetes, sample size, sex, age and PON1 polymorphisms, on PON1 activity. Studies have indicated that diabetes is associated with reduced PON1 activity [12] ; therefore, to better assess changes in PON1 activity in the ESRD patients, diabetes as a confounding factor should be excluded. In the present study, patients with diabetes were excluded. In accordance with our study, Kalogerkis et al. [20] separately compared PON1 activity in the patients with ESRD and patients with type I diabetes with control subjects and showed that the paraoxonase activity of PON1 is signicantly lower in the diabetic patients compared with the control subjects but does not change in the ESRD patients.
Gender and age can a ect the activity of PON1. In humans, although gender is in uenced by the genetic heterogeneity, few studies have shown that PON1 activity is higher in women than men [42] . Some authors have reported that there is a progressive reduction in PON1 activity in elderly persons [42] . Moreover, some investigations have linked this decline to the elevated prevalence of atherosclerosis with age [42] . erefore, matching the study groups regarding age and gender may be important. Q/R 192 polymorphism is the most common coding polymorphism at position 192 [43] . e polymorphism is substrate-dependent and results in two di erent allozymes. While paraoxon is hydrolyzed faster by the R allozyme, phenylacetate hydrolysis is catalyzed at the same rate by both allozymes [13] . Also, the Q allozyme has lower paraoxonase activity towards paraoxon [43] . A study by Gugliucci et al. cated that the signi cant reduction in the amount of enzyme activity seen in their study could be related to a di erent phenotype distribution among the ESRD patients and control subjects. erefore, in studies that measure the enzyme activity, groups should ideally be matched for the polymorphism or at least for assays performed with phenylacetate as a substrate. In addition, in HD patients, the duration of dialysis therapy can a ect PON1 activity [44] . Feretti et al. reported that patients with a longer dialysis therapy had lower PON1 activity compared with patients with briefer dialysis therapy [44] . In general, given that many factors a ect the enzyme activity, evaluation of PON1 activity to HDL ratio is possibly a better biomarker than measuring the enzyme activity alone in nondiabetic patients with ESRD.
Correlation studies showed that ox-LDL levels in HD patients correlated positively and signi cantly with Hcy concentrations. e positive correlation between these important risk factors for cardiovascular disease may be related to increased mortality in HD patients. Considering both ox-LDL and Hcy are involved in oxidative stress and in ammation [26, 45] , the positive and signi cant relationship can be con rmed by the fact that increased oxidative stress and in ammation are common properties of ESRD [46] . Results of a study by Seo et al. indicated that there is a Hcy-induced LDL oxidation in atherosclerotic patients [35] . erefore, it may be concluded that the pathogenic association between ox-LDL and Hcy plays an important role in atherosclerosis in the HD population.
In this study, logistic regression analysis showed ox-LDL levels and arylesterase activity/HDL ratio to be associated with the increased risk of ESRD. e analysis indicates that the observed di erence in ox-LDL levels between ESRD patients and control subjects may not contribute to the higher LDL-C levels in the patients.
Our data suggest that the dialysis procedure has an e ect on ox-LDL, Hcy and PON1 activity levels. HD decreased plasma levels of ox-LDL and Hcy, although they did not reach the normal level. PON1 activity in the ESRD patients was increased a er dialysis, in agreement with other authors [19] .
ese changes did not appear to be due to di erences in the dialysis procedure because the conditions such as kt/v were almost identical for all patients. us, an increase in the quality of dialysis could be useful in reducing the risk factors levels and increased activity of PON1.
In conclusion, ox-LDL levels and arylesterase activity/ HDL ratio showed the strongest association with ESRD risk.
ese factors, especially ox-LDL as an indicator of oxidative stress, may be appropriate biomarkers in assessing the status of non-diabetic patients with ESRD. Elevated ox-LDL levels may con rm that there is increased oxidative stress in HD patients.
e pathogenic association between ox-LDL and homocysteine, as nontraditional risk factors, should be considered in the assessment of cardiovascular complications in ESRD patients treated with HD. erefore, therapeutic strategies to reduce these risk factors could minimize the harmful complications arising from them. Studies such as that by Ando et al. [30] , conducted with the aim of reduction of ox-LDL and Hcy levels in HD patients, may decrease the high prevalence of cardiovascular mortality in dialysis patients. In addition, the PON1 activity/HDL ratio is probably a better indicator than determining the enzyme activity alone for assessing the relationship between PON1 activity levels and ESRD. e present study highlights the importance of ox-LDL and arylesterase activity/HDL ratio in non-diabetic ESRD patients; however, interventional investigations and studies involving larger samples need to be done in order to design therapeutic strategies to decrease ox-LDL and Hcy levels and to help reduce the high prevalence of atherothrombotic cardiovascular mortality in HD population.
